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(54) Title: METHOD AND APPARATUS FOR MEMORY CONTROL CIRCUIT 
(57) Abstract 



A method and circuit for fast memory access (read or write) 
of the data to and from a memory array is disclosed. Architecture 
wise, the memory array control circuit (5) provides for at least 
two address latches and two page registers. The first address 
latch (16) contains a first data address and the second address 
latch (18) contains a second data address. The first data address 
is decoded first and sent to the memory array (10) to access (read 
or write) the corresponding data from the memory array (10). 
When the data of the first data address is being accessed, the 
decoding process will begin for a second data address. When 
the data of the first data address has been accessed, the second 
data address is ready for the memory array. Thus, there can be 
continuous fetching from or writing to the memory array (10). 
In the preferred embodiment, there are two page registers (38, 
40). In a read operation, the data read from the first data address 
is transferred to a first page register (38). When the data of the 
second data address is being accessed, the data in the first page 
register (38) is transferred to a second page register (40). When 
the operation to read the data from the second data address is 
completed, the data can be placed in the first register (38). The 
data in the second page register can be rapidly transferred to a 
latch and on to a bus. In this manner, there is always space made 
available for the data read. Similarly, in a write operation, data is 
transferred from the data bus to the second page register and then 
to the first page register. The data in the first register is written 
into the memory array. 
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METHOD AND APPARATUS FOR MEMORY CONTROL CIRCUIT 

5 Referenced to Prior Application 

This application claims the benefit of previously filed U.S. Provisional Application 
No. 60/108,872 filed November 17, 1998, and entitled "METHOD AND APPARATUS 
FOR MEMORY CONTROL CIRCUIT/' 

10 Field of the Invention 

The present invention generally relates to nonvolatile memory arrays, and, in 
particular, to control circuits for increasing the speed of operations performed on the 
nonvolatile memory arrays. 

BACKGROUND OF THE INVENTION 

15 In the conventional method of accessing memory arrays (including flash memory 

arrays), whether it be a read or write operation, each operation is performed sequentially, 
meaning that an operation has to be completed before the start of the next read or write 
operation. In performing an operation to access a memory array, the given data address is 
first decoded and the decoded address is provided to the memory array for fetching the data 

20 or storing the data. Because each of the decoding and accessing steps are done in a 
sequential manner, these architectures of the prior art memory arrays do not lend themselves 
to faster throughputs necessary for modern day high-speed memory access and throughput 
requirements. 

Timing diagrams exemplifying prior art techniques are shown in Figs. 3(a) and 3(b) 
25 and will be discussed in more detail later. Briefly, these prior art methods and systems 
require overhead time for shifting the data into a temporary storage location prior to storing 
the same in nonvolatile or flash memory for and during each write command. In fact, the 
next write command cannot begin prior to the completion of the tasks associated with 
performing a write command. Thus, system efficiency suffers where many write operations 
30 need be performed, as is the case in most memory systems. 

Therefore, it would be desirable to have a method and memory architecture 
conducive to high-speed memory throughput not limited to the sequential speed of each 
memory access. 
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SUMMARY OF THE INVENTION 
It is the object of the present invention to provide a method and architecture for high 
speed accessing of a memory array with respect to write-to-memory and read-from-memory 
operations. 

It is another object of the present invention to provide a method and architecture for 
high speed accessing of a memory array that allows for continuous read or write operations 
from and to the memory array. 

It is yet another object of the present invention to provide a method and architecture 
for high speed accessing of a memory array, which allows for continuously decoding of data 
addresses for reading or writing from and to the memory array. 

It is still another object of the present invention to provide a method and architecture, 
which allows for the decoding of a data address while the data addressed by the previous 
data address is being accessed. 

Briefly, the presently preferred embodiment of the present invention provides a 
method and architecture for fast memory access (read or write) of the data to and from a 
memory array. Architecture wise, the memory array control circuit provides for at least two 
address latches and two page registers. The first address latch contains a first data address 
and the second address latch contains a second data address. The first data address is 
decoded first and sent to the memory array to access (read or write) the corresponding data 
from the memory array. When the data of the first data address is being accessed, the 
decoding process will begin for a second data address. When the data of the first data 
address has been accessed, the second data address is ready for the memory array. Thus, 
there can be continuous fetching from or writing to the memory array. In the preferred 
embodiment, there are two page registers. In a read operation, the data read from the first 
data address is transferred to a first page register. When the data of the second data address 
is being accessed, the data in the first page register is transferred to a second page register. 
When the operation to read the data from the second data address is completed, the data can 
be placed in the first register. The data in the second page register can be rapidly transferred 
to a latch and on to a bus. In this manner, there is always space made available for the data 
read. Similarly, in a write operation, data is transferred from the data bus to the second page 
register and then to the first page register. The data in the first register is written into the 
memory array. 

2 
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An advantage of the present invention is that it provides a method and architecture 
for high speed accessing of a memory array with respect to write-to-memory and read-from- 
memory operations. 

Another advantage of the present invention is that it provides a method and 
5 architecture for high speed accessing of a memory array that allows for continuous read or 
write operations from and to the memory array. 

Yet another advantage of the present invention is that it provides a method and 
architecture for high speed accessing of a memory array, which allows continuously 
decoding of data addresses for reading or writing from and to the memory array. 
10 Still yet another advantage of the present invention is that it provides a method and 

architecture, which allows for the decoding of a data address while the data addressed by the 
previous data address is being accessed. 

These and other features and advantages of the present invention will become well 
understood upon examining the figures and reading the following detailed description of the 
1 5 invention. 

IN THE DRAWINGS 
Fig. 1 is a block diagram illustrating the host, the memory controller and a memory 

circuit. 

Fig. 2 is a detailed block diagram illustiating the memory circuit. 
20 Figs. 3a and 3b illustrate prior an timing diagrams for a write operation. 

Figs. 4a and 4b illustrate timing diagrams for a write operation using the preferred 
embodiment of the present invention. 

Figs. 5a and 5b illustrate prior art timing diagrams for a read operation. 

Figs. 6a and 6b illustrate timing diagrams for a read operation using the preferred 
25 embodiment of the present invention. 

Fig. 7 is a flow chart illustrating the steps in writing to the memory array. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The description provided herein makes references to a flash (or nonvolatile, which 
30 may be other than flash, such as EEPROM) memory array. However, it shall be understood 
that the present invention may be used in any memory architecture. Referring now to Fig. 1 , 
a host 101 interfaces with a flash memory controller 100 in storing and retrieving digital 
information, in the form of user data or other kind of data, to and from a flash memory 
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circuit 102. The controller 100 is generally comprised of a circuit for coding and decoding 
error correction code (ECC) 104, a flash state machine 106, a flash controller 108, a host 
interface 105 for communicating with the host, a SPM controller/state machine 109, SPM 
RAM 1 10, RAM 1 1 1, ROM 1 12, a microprocessor 1 13 and a data buffer RAM 103. The 
data buffer RAM 103 is used for temporary storage of information prior to a more 
permanent storage of or after reading information from the flash memory circuit 102. 

Referring now to Fig. 2, a flash memory circuit 5 is shown to include a flash memory 
cell array 10 and control circuitry 6 for operating the flash memory cell array 10 in 
accordance with an embodiment of the present invention. The control circuitry 6 includes a 
row and column address decoder 12, an address double latch 14, a buffer 20, a command 
register 24, a read-value register 26, a control logic unit 28, a state machine 32, an I/O buffer 
and latch 34, a double data latch 36 (which includes a PageRegister 0 38 and a PageRegister 
1 40), an output driver 2 1 and an error handling state machine 50. 

The flash memory cell array 10 includes flash memory cells that are addressable by 
row and column address signals provided by the row and column address decoder 12. The 
row and column address decoder 12 receives addresses from the address double latch 14. 
The double latch 14 is comprised of two latches, an AddrLatchO 16 and an AddrLatchl 18. 
The double address latch 14 receives its input from the buffer 20, which, in turn, receives its 
input from an I/O bus 22. The buffer 20 also provides signals to the command register 24 
and the read-value register 26. The control logic unit 28 in response to input signals (ready 
signal and command/address control lines received at 30 and 31), and working in 
conjunction with the state machine 32 operates the buffer 20. I/O buffer and latch 34, and 
the double data latch 36. The double data latch 36 is comprised of PageRegisterO 38 and 
PageRegister 1 40 and sends (or writes) and/or receives (reads) data to and from the flash 
memory array 10. An error handling state machine 50 handles errors occurring in the 
writing to the memory array 10. 

In operation, the controller (Fig. 1, 100) sends and receives 512 bytes of data (or as 
otherwise specified) plus error correction code (ECC) and address information to and from 
the flash memory circuit (Fig. 2, 102). When the controller sends (or writes) data to the 
flash memory circuit, the flash memory circuit latches the data to be written into a 
PageRegister (PageRegisterO 38 or PageRegister 1 40 in Fig. 2) and starts the write operation 
to the flash memory array 10. At this time the flash memory circuit (Fig. 1, 102) asserts a 

Ready/Busy signal, which is monitored by the controller (Fig. 1, 100) as to whether the flash 

4 
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memory circuit has completed the write operation. Once the controller (Fig. L 100) detects 
the end of the write operation, it reads the status register to check for any error conditions. If 
there was no error, the controller starts a new write operation by sending a new write 
command followed by new data. 
5 In the present invention, a new write command and data is sent to the flash memory 

circuit while the previous data is being written the flash memory array. This has a 
pipelining effect. By pipelining the data, no time is lost in waiting for the completion of the 
previous write operation. The error handling state machine 50 is provided to handle errors 
occurring from the write operation thus relieving the controller from handling the errors. 

10 In a read operation, the row and column address decoder 12, in response to an 

address received from AddrLatchO or AddrLatchl, decodes the address, and provides the 
decoded address to the flash memory cell array 10. Data is then read from a location within 
the flash memory cell array 10 that is identified by the decoded address. The data that is 
read is then provided to the PageRegisterO 38. In a write operation, an address from 

15 AddrLatchO or AddrLatchl is provided to the row and column address decoder 12 to 
activate the corresponding address(es) in the flash memory cell array 10. The data to be 
written to the flash memory cell 10 is provided by the PageResisterO 38 or Page Register 1 
40. 

One of the advantages of the present invention is that during a first time period the 
20 address can be read from AddrLatchO 16 to initiate the operation to write the data from 
PageRegisterO 38. At the same time, a new address can be written to AddrLatchl 18 and a 
new data word can be written to PageRegisterl 40. During a second time period, the 
address can be read in from AddrLatchl and data can be read from PageRegisterl 40. 
Moreover, a new address can be written to AddrLatchO 16 and the new data word can be 
25 written to PageRegisterO 38. In this manner, a ping-pong effect is achieved where while a 
first set of address and data pair is being written to the flash memory array 1 0 a second set of 
address and data pair is being written to the corresponding address latch and page register 
for the next write operation. In an alternate embodiment, a first-in-first-out (FIFO) method 
can be implemented rather than a ping-pong method. 
30 More specifically, in operation, when the flash memory apparatus receives a write 

command, the address is shifted into AddrLatchO 16 and the corresponding data to be 
written is shifted into PageRegisterO 38, and the data is then written to the corresponding 
flash memory cell array 10. During this period, the controller (Fig. K 100) determines if 
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there is another write command pending from the host. If there is another write command 
pending, the address for the new data is shifted into AddrLatchl 18 and the corresponding 
new data is shifted into PageRegisterl 40. At the end of the first write command, the 
command/address state machine 32 checks error status to verify successful completion of 
the write command. If the write command was completed successfully, the command 
pending flag is checked. If there is a command pending and a new word of data is received 
at the alternate PageRegisterl 40 ? data in PageRegisterl 40 is written to the flash memory 
cell array 10. In this manner, a ping-pong effect is achieved where while data in one 
PageRegister is being written to the flash memory cell array, another word of data is being 
loaded into the alternate PageRegister in preparation for writing during the next time period. 
This process continues until no new data is to be written to the flash memory array or an 
error condition occurred. This process eliminates the overhead time required for shifting the 
data into the PageRegister for each write command. 

Figs. 3a and 3b illustrate a prior art timing diagram and Figs. 4a and 4b illustrate the 
timing diagram showing the elimination of the overhead time required for loading data into 
the PageRegister. Fig. 3a illustrates the state of the I/O bus where there is a command phase 
followed by a address phase followed by a data phase and a break for writing the data into 
the flash memory array. At the end of the first write cycle, the error status is checked (read 
status phase indicated at 52) to ensure successful completion of the write cycle. Fig. 3b 
illustrates the state of the ready signal where the bus is available during time tl but is not 
being used. Fig. 4a illustrates the state of the I/O bus where there is not a break after a 
command/address/data phase. Instead, it is immediately followed by another 
command/address/data phase to load AddrLatchO or AddrLatchl and PageRegisterO or 
PageRegisterl. The state of the ready signal is illustrated in Fig. 4b. In this setup, the end 
of the first write operation occurs in time as indicated at 54 and the end of the second write 
operation occurs in time as indicated at 56. There is a phase (58) for reading the status for 
the completion of the write operation. In this manner, a faster throughput is achieved by 
using the previous write-to-array-time for loading of another address/data into the respective 
registers (ping-pong). 

During a read operation, the flash memory circuit receives a read command causing 

the requested data to be read from the flash memory array to PageRegisterO and transferred 

to PageRegisterl (similar to a FIFO). The data now on PageRegisterl is sent to the 

controller (requester). As the data is being transferred from PageRegisterl to the controller 

6 
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via the I/O bus. the Command/Address state machine starts a new read operation where the 
data read is shifted to PageRegisterO. When the controller finishes receiving the data from 
PageReegisterl, the content of PageRegisterO is transferred to PageRegisterl and sent to the 
controller. 

5 The command/add state machine checks if the number of read has been achieved by 

looking at the value in the read-value register. The value in this register is loaded by the 
controller before the start of the read command to indicate the number of read operation 
requested. 

Fig. 5a illustrates the prior art approach showing the state of I/O bus where there is a 

10 read command phase followed by an address phase and a waiting period for the data to be 
read from the flash memory array before it is shifted on to the bus. This cycle is followed by 
another waiting period before data can be shifted on to the bus. Fig. 5b illustrates the state 
of the ready signal. Fig. 6a illustrates the state of the I/O bus under the preferred 
embodiment where a read command phase is followed by an address phase and a waiting 

15 period for reading of the first data. After the first word of data is read, it can be shifted on to 
the bus. When the data is being transferred to the controller, the next data word is read from 
the flash memory array. In this manner, data can be rapidly transferred from the memory on 
to the bus. Fig. 6b illustrates the state of the ready signal where the timing for starting the 
reading operation for the next word of data is indicated at 60. 

20 In an alternate embodiment, a first latch can be put in place selectively connect 

PageRegisterO or PageRegisterl to the flash memory array and a second latch can be put into 
place to selectively connect PageRegisterO and PageRegisterl to the I/O bus. In this 
manner, maximum flexibility can be afforded in operating this circuit. 

Fig. 7 illustrates the operating steps in a write operation. Here, in the first step 200, a 

25 write command is received and the command is decoded 202. The received data is shifted 
into an available PageRegister 204 and the write to memory array operation is initiated 206. 
The write operation is constantly checked for completion 208. Once the operation is 
completed, the logic checks for errors in the write operation 210. If there is an error in the 
write operation, the appropriate status register is set 212. At the same time the memory 

30 array is being written, the logic checks for the existence of a subsequent write operation. If 
there is another pending write operation, it is processed in the same manner where the logic 
flows back to step 202. 
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Although the present invention has been described in terms of specific embodiments 
it is anticipated that alterations and modifications thereof will no doubt become apparent to 
those skilled in the art. It is therefore intended that the following claims be interpreted as 
covering all such alterations and modifications as fall within the true spirit and scope of the 
5 invention. 

What I claim is: 
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CLAIMS 

1 1. A nonvolatile memory control circuit for controlling reading and writing operations 

2 to and from a nonvolatile memory array, comprising: 

3 a set of page registers having at least a first page register and a second page register 

4 for buffering data that is to be written to or read from a nonvolatile memory array; said 

5 control circuit for receiving commands to operate said set of page registers for reading from 

6 and writing to said nonvolatile memory array, 

7 wherein during a current write command, data corresponding to the current write 

8 command is stored in said second page register while data corresponding to a previous write 

9 command is stored in the nonvolatile memory array from the first page register thereby 

10 creating a pipe-lining affect so as to expedite the performance of write operations to the 

1 1 nonvolatile memory array. 

12. A nonvolatile memory control circuit as recited in claim I including a set of address 

2 latches coupled to the nonvolatile memory array, said set of address latches having at least a 

3 first address latch and a second address latch for receiving data addresses for addressing the 

4 nonvolatile memory array. 

13. A nonvolatile memory control circuit as recited in claim 2 wherein during a first time 

2 period, said control circuit operates said set of address latches to have a first data address 

3 from said first address latch decoded for a read operation. 

14. A nonvolatile memory control circuit as recited in claim 3 wherein, in a second time 

2 period, data read from said first data address of said memory array is fetched and placed in 

3 said first page register. 

15. A nonvolatile memory control circuit as recited in claim 4 wherein said control 

2 circuit, in a second time period, operates said set of address latches to have a second data 

3 address from said second address latch decoded for a read operation. 

1 6. A nonvolatile memory control circuit as recited in claim 4 wherein, in said second 

2 time period, data in said first page register is transferred to a bus. 

9 
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1 7. A nonvolatile memory control circuit as recited in claim 5 wherein, in a third time 

2 period, data read from said second data address of said nonvolatile memory array is fetched 

3 and placed in said second page register. 

1 8. A nonvolatile memory control circuit as recited in claim 2 wherein said control 

2 circuit, in a first time period, operates said set of address latches to have a first data address 

3 from said first address latch decoded for a write operation. 

1 9. A nonvolatile memory control circuit as recited in claim 8 wherein said control 

2 circuitry, in said first time period, causes said first page register to store data to be stored in 

3 said memory array. 

1 10. A nonvolatile memory control circuit as recited in claim 8 wherein, in a second time 

2 period, data stored in said first page register is placed in the nonvolatile memory array. 

1 11. A nonvolatile memory control circuit as recited ir claim 9 wherein said control 

2 circuit, in a second time period, operates said set of address latches to have a second data 

3 address from said second address latch decoded for a write operation. 

1 12. A nonvolatile memory control circuit as recited in claim 11 wherein said control 

2 circuit, in said second time period, causes said second page register to store data to be stored 

3 in the nonvolatile memory array. 

1 13. A nonvolatile memory control circuit as recited in claim 2 further comprising: 

2 a state machine for operating said set of page registers and said address latches; 

3 an address decoder for receiving and decoding data addresses to the nonvolatile 

4 memory array; and 

5 a state machine control logic for operating said state machine in response to received 

6 commands. 

10 
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1 14. A nonvolatile memory control circuit as recited in claim 13 further comprising an 

2 error handling state machine for handling error conditions in accessing the nonvolatile 

3 memory array. 

1 15. A method for reading from a nonvolatile memory array, comprising the steps of: 

2 decoding during a first time period a received first data address; 

3 fetching during a second time period data stored at said decoded first data address of 

4 said memory array and storing said fetched data in a first page register; 

5 decoding during said second time period a received second data address; 

6 fetching during a third time period data stored at said decoded second data address of 

7 said memory array and storing said fetched data in a second page register; 

8 transferring during said third time period data stored in said first page register to a 

9 designated location; and 

10 decoding during said third time period a received third data address. 

1 16. A method of claim 15 further including the steps of: 

2 fetching during a fourth time period data stored at said decoded third data address of 

3 said memory array and storing said fetched data in said first page register; 

4 transferring during said fourth time period data stored in said second page register to 

5 said designated location; and 

6 decoding during said fourth time period a received fourth data address. 

1 17. A method for writing from a memory array, comprising the steps of: 

2 decoding during a first time period a received first data address; 

3 placing, during a second time period, data stored in a first page register into a 

4 memory array; 

5 decoding during said second time period a received second data address; 

6 transferring, during said second time period, data from a pre-designated source into a 

7 second page register; 

8 placing, during a third time period, data stored in said second page register into said 

9 memory array; 

10 transferring, during said third time period, data from said pre-designated source into 

1 1 said first page register; and 

11 
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12 decoding during said third time period a received third data address. 



1 18. A nonvolatile memory control circuit for controlling reading and writing operations 

2 to and from a nonvolatile memory array, comprising: 

3 a set of page registers coupled to a nonvolatile memory array, said set of page 

4 registers having at least a first page register and a second page register for buffering data that 

5 is to be written to or read from the nonvolatile memory array; said control circuit for 

6 receiving commands to operate said set of page registers for reading from and writing to the 

7 nonvolatile memory array, 

8 control circuitry coupled to said set of page registers and the nonvolatile memory 

9 array wherein during a current write command, data corresponding to said write command is 

10 stored in said second page register while data corresponding to a previous write command is 

1 1 being stored in the nonvolatile memory array from the first page register thereby creating a 

12 pipe-lining affect to expedite performing write operations on the nonvolatile memory array. 

1 19. A nonvolatile memory control circuit as recited in claim 18 wherein said control 

2 circuitry includes a set of address latches coupled to the nonvolatile memory array, said set 

3 of address latches having at least a first address latch and a second address latch for 

4 receiving data addresses for addressing the nonvolatile memory array. 

1 20. A nonvolatile memory control circuit as recited in claim 19 wherein said control 

2 circuitry further includes, 

3 a state machine for operating said set of page registers and said address latches; 

4 an address decoder for receiving and decoding data addresses to the nonvolatile 

5 memory array; and 

6 a state machine control logic for operating said state machine in response to received 

7 commands. 
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